Numerous studies have been conducted concerning on the study of inflatable wings. The natural 47 contoured shape due to inflation pockets resembles spanwise contours although unintentional. As 48 such some very interesting, and useful data on the resultant aerodynamic efficiency of a wing without 49 a smooth surface is available for review. A study conducted by Zhang et al [5] found a number of 50 differences in the aerodynamic efficiency when chord-wise contours were introduced to an Eppeler 51 398 wing (seen in Figure 3b ). Particle Image Velocimetry (PIV) and computational simulations 3 of 18 were performed at low angles of attack and at multiple Reynolds numbers on a 2D wall-to-wall 53 model and a 3D model of Eppeler 398 and NACA 4318 wings with and without surface contours.
54
Interestingly enough, it was found that the inflatable wing noticeably reduced separation of the flow 55 when compared to its smooth counterpart for the Reynolds number of 25000 and at an angle of attack 56 of 4 as shown in Figure 3 . However, this reduction was found to not necessarily indicate improved 57 flight performance. The results from [5] indicates that for certain Reynolds numbers and high angles 58 of attack, the inflatable wing had a noticeably higher aerodynamic efficiency. However, at lower 59 angles of attack, the smooth wings were found to perform better.
60
Figure 3. Flow visualization of Eppler 398 a.) bumpy b.) smooth wing at Re = 25000, = 4 degrees [5] The ridges and bumps essentially increases the roughness of the surface of the wing and it has 61 been shown through experimental investigations that the a "rough" airfoil surface will perform better 62 than a "smooth" airfoil section at lower Reynolds numbers (40-50,000) [6] . Even at high Reynolds 63 numbers "riblets" were used to reduce frictional drag [7] . Previous experimental measurements and 64 numerical calculations have shown a possibility of achieving up to 10% drag reduction in the total 65 frictional drag on an immersed and textured surface [8] . Most of the concepts to increase surface [13] are oriented along the streamwise direction. This type of surface is also known as "wrinkled" texture.
76
The research presented in this paper has a similar textured surface on the upper and lower surface of 
83
The riblets could act as a boundary layer fence preventing the spanwise flow that feeds into the 84 wingtip vortex. Therefore, it is hypothesized that the properties in the wingtip vortex will be affected 85 due to the presence of the spanwise riblets. 
Wind Tunnel

103
All the experiments were conducted at the University of Dayton Low Speed Wind Tunnel 
Streamwise PIV Setup
130
The streamwise PIV was done in the FSL of the contoured wing with splitter plate on both The cross-stream PIV was done to determine the effects of spanwise contours on the roll-up of 141 the wingtip vortex. The wingtip vortex from the baseline NACA 0012 and the contoured wing was 142 interrogated at multiple angles of attack at a Reynolds number of 135,000 as mentioned in Table 1 .
143
The schematic of the cross-stream PIV setup is shown in Figure 9 . The cross-stream interrogation 
Results
153
Streamwise PIV Results
154
The streamwise velocity Ux was determined behind the NACA-0012 wall-to-wall model ( Figure   155 10a) and the mid-contour section (Figure 10b ). It is evident from the contours that the momentum 156 deficit behind the mid-contour profile is greater than the baseline. There is also an apparent increase 157 in the wake half width ( -identified by the location of 99% U ∞ ) behind the mid-contour profiles when 158 compared to the baseline. The wake half-width of the two cases are similar until angle of attack. The 159 differences in the wake-half width between the two cases increases significantly at 6 and 8 angle of behind the mid-contour contour is greater than all the NACA 0012 baseline angle of attack cases.
166
The momentum deficit of the mid-contour 2 case has almost the same magnitude as the momentum The momentum deficit profiles shown in Figure 11a was used to determine the sectional drag 170 coefficient of the NACA 0012 baseline profile and the mid-contour profile. The sectional drag 171 coefficient was found by integrating the momentum deficit profiles according to the equation,
where is the density of the fluid, is the freestream velocity, is the reference area of the wing, deficit profiles in Figure 11a shows similar trend in both cases, the wake-half width is significantly 179 larger in the mid-contour case as seen in Figure 10b . At 8 angle of attack, the streamwise velocity 180 contours shows a significant increase in wake-half width when compared to all the other angles 181 of attack. Therefore, the drag coefficient of the mid-contour profile at 8 also shows a significantly 
Wingtip Vortex Results
188
The intention behind the contoured wing is to determine the effect of the contours on the wingtip 
where ||Ω|| is the absolute magnitude of vorticity given by
and ||R|| is the absolute magnitude of strain rate given by
An example plot of the normalized Q-criterion of the contoured wing case at 4 angle of attack is
200
shown in Figure 12 . The maximum Q-criterion was identified as the center of the wingtip vortex at 201 each instantaneous image pairs. The vortex centers identified through this method is shown in Figure   202 13 for 6 angle of attack for both the baseline NACA 0012 and the contoured wing.
203
Figure 12. Using scaled Q-criterion to determine the vortex center at each individual image pairs to quantify vortex wandering. will result a change in the radius of the wingtip vortex provided that the circulation remains the same.
236
To quantify the changes in the circulation between the two cases, x-vorticity of the wingtip vortex was .
where Γ is the circulation, ω is the vorticity and ds is the incremental surface area. After determining Once the circulation variation is obtained, the profile is fitted to an ideal Lamb-Oseen vortex 
Conclusions
296
A NACA 0012 semi-span wing with contours resembling "wrinkled" texture was investigated 
307
• Even though the momentum deficit increased in the free shear layer in the contoured wing case,
308
the peak azimuthal velocity of the wingtip vortex was measurably lower than the baseline (43% 309 at 2 ranging up to 6% at 8) at all angles of attack.
310
• The peak vorticity at the wingtip vortex core decreased from 47% at 2 to 5% at 8 angle of attack 311 in the contoured wing case when compared to the baseline. This indicates that the rollup of the 312 wingtip vortex was affected by the presence of the contours.
313
• The overall circulation of the wingtip vortex also reduced in the contoured wing case by an 314 average of 20% across all angles of attack when compared to the baseline.
315
• The contoured wing case shows increased ZRMS in the FSL feeding into the wingtip vortex.
316
However, the core of the contoured wing vortex has a lower ZRMS value when compared to 317 the baseline.
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